Abstract. In this paper, a method for measuring the grounding resistance of the tower without disconnecting all the down conductors is proposed for the first time in view of the shortage of manual measurement of the grounding resistance of the tower. This paper introduces the measurement model of single or multiple down conductors, and uses a hybrid genetic algorithm to comprehensively calculate the grounding resistance of all towers in the closed loop, which greatly improves the measurement accuracy. Through simulation analysis and actual measurement, it proves that the method is simple and convenient to measure, does not need to disconnect the grounding wire, and has high measurement accuracy. Compared with the clamp ammeter method, the accuracy is improved by 30%. The method is applied to the on-line monitoring system of the tower grounding resistance, which can reduce the labor intensity of the line maintenance personnel, greatly improve the work efficiency and provide a basis for discovering the fault in time.
INTRODUCTION
The grounding resistance of the transmission line tower [1] is an important parameter of the tower grounding device. It is very important for the stable operation of transmission line. When there is a lightning accident, the lightning current flows through the grounding device and flows into the ground. If the grounding resistance is too high, it will produce over-voltage counterattack and cause a trip accident of the circuit [2] [3] . Therefore, it is one of the important measures to ensure the operation reliability of the transmission line to measure the grounding resistance of the tower regularly and make it conform to the power industry standards [4] . At present, measurement methods mainly include fall-of-potential method [5] , three-pole method [6] , different-frequency method [7] and clamp ammeter method [8] .
The fall-of-potential method requires many measurements to draw curve, this method is heavy work and difficult to operate. Three pole method is accurate, but the operation is cumbersome, ant it is necessary to arrange the voltage pole and the current pole. The grounding down conductor must be disconnected during the measurement, which greatly increases the labor intensity of the staff and has low efficiency. The different-frequency method is to inject non-power frequency signals on the basis of the three-pole method, which can effectively eliminate the power frequency interference. The injection current is small and the wiring strength is low, but it is still offline measurement, and the measurement error is greatly affected by the frequency of the input signal. The megohm meter method is simple and convenient to measure. It can be measured by clamping the grounding down conductor with a jaw. When the pole has a grounding wire, it is not necessary to disconnect the grounding down conductor. However, when there is multiple grounding down conductors, it still needs to be disconnecting other grounding down conductors and retains the measured line only, which brings inconvenience to the measurement and causes a large measurement error [9] . The common shortcoming of these methods is that manual field measurement is required. When the measurement is performed, the grounding down conductor is disconnected, which consumes a lot of manpower and material resources, and is easy to cause loose bolts or poor contact, resulting in an increase in the grounding resistance of the tower. Therefore, this paper studies a real-time monitoring method of grounding resistance that does not disconnect all grounding down conductors and has high measurement accuracy.
2
Tower grounding resistance measurement model and measurement method without disconnecting the grounding down conductor
When the transmission line has a lightning protection line and is directly connected to the tower to access the earth, all the towers in the same line form a parallel network through the lightning protection line, and each tower is a branch of the parallel network. The principle of measuring the unconnected grounding down conductor is to install a grounding resistance detector with the same number of grounding conductors for each tower, measure the grounding resistance of all the towers in the parallel network in time-sharing, and perform unified analysis and calculation, so as to obtain the ground resistance with higher accuracy.
The following is an example of measuring a base tower to introduce a measurement model and method for a single tower and multiple grounding down conductors.
Static Oblique Parabolic Model
The schematic diagram and equivalent model of the grounding resistance measurement of the single tower grounding down conductor are shown in Fig.1 and Fig.2 , respectively. The measured tower and the overhead line, the adjacent tower and the grounding down conductor form a closed loop [10] . In the figure, is the grounding resistance of the tower to be tested, are the grounding resistance of other towers in the closed loop;
is the resistance of the tower itself, is the self-reactance of the tower; is used to avoid lightning resistance, is the lightning line reactance; is the output voltage of the grounding resistance detector, and is the induced loop current.
Fig.2. Single grounding wire equivalent model
Since the lightning protection line and the resistance and reactance of the tower itself are small compared with the resistance of the tower to be tested, the measurement can be neglected, so the equivalent circuit can be simplified to Fig.3 , at this time, the loop resistance:
Where is the parallel value of the other tower grounding resistance, ie .
Fig.3. simplified equivalent model
Single grounding down the line, you only need to attach the grounding resistance detector directly to the grounding line of the tower, you can measure the grounding resistance in the circuit, and then get the tower grounding resistance. The grounding resistance detector is composed of a voltage coil, a current coil and a wireless transmission module. The measuring principle is to adopt the law of electromagnetic induction, the voltage coil provides an excitation signal to the circuit under test, and induces a pulse potential U on the circuit to be tested, at the potential U. Under the action, the current I will be generated in the circuit under test, U and I will be measured in real time, and the resistance value of the whole measurement circuit will be calculated according to Equ. (1) . According to the specification DL/T887-2004, when the number of parallel towers meets the requirements, the parallel value of other towers adjacent to the tower to be tested is far less than the grounding resistance of the tower under test, and is ignored in the calculation. , the grounding resistance of the tower to be tested is:
Multiple grounding down conductor measurement models
In order to realize that there is multiple grounding down conductors in the tower, it is not necessary to disconnect the grounding down conductor. In this paper, a grounding resistance detector is installed for each grounding down conductor. When measuring, each detector is connected in parallel with each other. The power supply is supplied so that the induced voltages generated by each of the grounding down conductors are exactly equal. Under the premise that the internal resistance of the grounding of the tower is the same, the induced current generated by each grounding wire is exactly the same. Fig. 4 and Fig. 5 are schematic diagrams and equivalent circuit diagrams for measuring the grounding resistance of four grounded down-conductor towers. In Figure 4 , since the induced voltage and current generated by the four grounding down conductors are exactly the same, it is only necessary to measure the induced current of one of the down conductors. Therefore, among the four detectors, only one main detector is needed, which is the same as the principle of Section 2.1. It is responsible for supplying voltage to the grounding down conductor and measuring voltage and current. The other three are auxiliary detectors, which are responsible for guiding other grounding. The line provides power. In order to ensure the same internal resistance of each grounding wire, the upper and lower ends of the detectors to which the grounding wires are connected are respectively connected by wires, so that each grounding wire is limited to a fixed area. It can be seen from Fig. 5 that, under the premise the specification is satisfied, the method has the same voltage U as the method for measuring a single down-conductor tower, and the current I flowing through the tower resistance R is four times the measured current. Therefore, the grounding resistance of the tower to be tested is if there are m grounding down conductors.
Calculation method of tower grounding resistance measured without disconnecting the grounding down conductor
Since the above measurement method ignores the lightning protection line in the loop, the tower itself and other parallel pole tower grounding resistance, there will be some error in the measurement results. In addition, in the actual measurement, there may be a local resistance increase caused by the open circuit of the ground, which also increases the measurement error of the ground resistance of the other towers. In order to reduce the error and improve the measurement accuracy, this paper considers the mutual influence between the grounding resistance of each pole in the loop, and adopts a new calculation method to analyze and calculate the grounding resistance of all the towers in the closed loop. Measure the grounding resistance of each tower separately and bring it into Equ. (1).
{ (3)
Where: is the measured value of the grounding resistance of the ith base tower in the parallel network. When the tower has one grounding down conductor, ;
when the tower has m grounding down conductors, ; 、 are the voltage and current detected by the ground resistance detector; is the value of the tower grounding resistance to be calculated. By solving the Equ. (3), the tower grounding resistances can be obtained. Equ. (3) is a system of nonlinear equations with n variables and n equations (n ≥ 4). It is very difficult to solve directly. It needs to be transformed into extreme value problems. Classical algorithms (such as Newton method, gradient method and steepest descent Method, etc.) or genetic algorithm for calculation are used. The classical algorithm has strong local search ability and fast convergence speed, and can obtain the local optimal solution. However, its convergence is related to the selection of the initial point. The initial point quality directly affects the accuracy of the algorithm, but the initial selection is good. The point is very difficult. Genetic algorithm [11] (GA) is a randomized search method for simulating the evolutionary process of biological survival of the fittest. It has a strong global search ability and can quickly obtain the optimal solution range, but its local convergence ability is weak. Equ. (3), genetic algorithm is not dominant compared with the classical algorithm, usually only find the suboptimal solution of the problem.
Combining the advantages and disadvantages of classical algorithm and genetic algorithm, this paper proposes a hybrid genetic algorithm [12] which combines classical algorithm (conjugate gradient method [13] ) and genetic algorithm to solve nonlinear Equ. (3) . The algorithm fully inherits the global search ability of the genetic algorithm and the local search and fast convergence ability of the classical algorithm, which can effectively improve the convergence speed and the accuracy of the solution, and quickly and accurately find the global optimal solution.
For the convenience of calculation, the Equ. (3) can be simply expressed as:
Where,
The idea of using a hybrid genetic algorithm to solve the Equ. (4) is: First, construct the objective function of the genetic algorithm, and transform the Equ. (4) into the extremum problem, that is, find an R, so that the value of the Equ. (4) is the smallest. When the minimum value approaches to 0, the corresponding R is the solution of the system of equations, and the objective function is shown in Equ. (5) . Then, the selection, crossover and mutation operations of the genetic algorithm are performed to find a point near the most advantageous point (population center point). Finally, the population center point obtained by the genetic algorithm is used as the initial point of the conjugate gradient method for secondary optimization. Find the minimum value of the objective function and find the optimal solution. The specific steps are shown in 
MODEL SIMULATION AND APPLICATION
In order to verify the accuracy of the method for measuring the grounding resistance of the tower and the accuracy of using the hybrid genetic algorithm to calculate the grounding resistance, a grounding resistance measurement simulation model was built. As shown in Fig. 3 and Fig. 5 , five towers were built. In the simulation, the excitation voltage is set to 1V and the frequency is 1582Hz.
Simulation analysis of grounding resistance measurement method without disconnecting grounding wire
For the case that the tower has a single root and multiple grounding down conductors, the traditional method -the clamp ammeter method and the unconnected ground down conductor measurement method are used to measure the grounding model parameters and , and calculate according to Equ. (2) . The grounding resistance is approximated by , and the measurement results are shown in Table 1 . According to the comparison results in Table 1 , the grounding resistance values of the towers measured by the two methods are basically the same, that is, in the same environment, the resistance value measured by the grounding resistance measurement method of the tower without disconnecting the grounding down conductor can be compared with the clamp ammeter method. Comparable, and there is no need to disconnect the ground lead.
Accuracy analysis of the calculation method of the grounding resistance of the tower without measuring the grounding wire
Simulation analysis at Section 4.1 is only for the purpose of verifying the accuracy of the measurement method and directly using the comparative analysis of the measurement results. In this section, the direct measurement results are compared with the results calculated by the hybrid genetic algorithm, and the accuracy of the calculation results is verified. The error comparison is shown in Table 2 . In order to more intuitively represent the error situation, the error curve of the mixed and used genetic algorithm is drawn using Matlab as shown in Fig.7 .
Fig. 7. Relative error curve of ground resistance
It can be seen from Fig. 6 that the grounding resistance error is relatively large without using the genetic algorithm, and the error of the resistance value calculated by the hybrid genetic algorithm is greatly reduced. In the unconnected grounding down-line measurement model, the hybrid genetic algorithm is used to calculate the grounding. The resistance can greatly improve the measurement accuracy of the tower grounding resistance. The method for measuring the grounding resistance of the poles of the uninterrupted grounding wire studied in this paper has been applied to the real-time monitoring system of the ground resistance of the transmission line, and it has been put into use in the state grid Yanbian power supply company 66kV Yanxijiayi line 2#~11#, and the state grid Dandong power supply company 66kV Langqian line 1#~6#. Since the installation, the operation has been stable, and several abnormalities in the grounding resistance of the tower have been found. For example, Langqian line 3# tower grounding pole grounding resistance being very high, nearly 300 Ω, and other grounding resistance values are normal, which indicates that there is a bad contact condition in the grounding pole of the 3# pole tower. The staff found the hidden danger of the line in time according to the measurement result and avoided the occurrence of lightning strikes. The long-term operation results show that the method is convenient to measure, does not need to disconnect the grounding wire, and has high precision, which can completely replace the traditional pole tower grounding resistance measurement method. It provides great convenience for line maintenance personnel and provides technical support for timely detection of hidden dangers. 
CONCLUSION
In this paper, the measurement method of the grounding resistance of the transmission line tower is studied, and the grounding resistance of the tower is measured without any disconnection. The method has obvious advantages for the measurement of the tower with multiple grounding down conductors. In order to improve the measurement accuracy, the mutual influence between adjacent towers in the same parallel network is considered, the grounding resistance of each tower is measured, the grounding resistance equations are constructed, and the grounding resistance is calculated by the hybrid genetic algorithm, which greatly improves the measurement accuracy. Through simulation analysis and practical application, the method studied in this paper is simple in operation and high in measurement accuracy. It can be used in online monitoring system, replacing traditional manual measurement methods, greatly improving the labor efficiency of workers, and the application prospect is very broad.
